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Abstract. The neogastropod Mitra idae Melvill is the only member of the family Mitridae on the 
California coast. Although suspected of being a specialized predator, its food preferences have never 
been quantified. This study documents the feeding of M. idae on sipunculans. Laboratory experiments 
and gut analysis of field-collected specimens of M. idae have revealed that it is a specialized predator 
preferring the sipunculan Phascolosoma agassizii Keferstein. 


INTRODUCTION 


MEMBERS OF THE gastropod family Mitridae are most 
common in tropical waters, but some are present in tem- 
perate marine waters (CERNOHORSKY, 1970; ABBOTT, 
1974; MCLEAN, 1978; Kay, 1979). Although PONDER 
(1972) has given detailed descriptions of the digestive tract, 
little is known about the diet. The few species investigated 
have been shown to prey on sipunculans (KOHN, 1970, 
1978; WEST, 1979). Quantitative dietary information is 
available for only two members of the family, Mitra lit- 
terata Lamarck, of intertidal beaches in Hawaii, where it 
specializes on the sipunculan worms, Phascolosoma spp. 
and Aspidosiphon elegans Chamisso and Eyserhardt (KOHN, 
1970), and Mitra flavocingulata of Easter Island, which 
KOHN (1978) has reported feeding on a species of Phas- 
colosoma. TAYLOR (1975) has found juveniles of Mitra 
assimilis in Hawaii to feed on small mollusks under lab- 
oratory conditions. 

There is some uncertainty as to the number of Mitra 
species occurring along the central California coast. WEST 
(1979) reports two, M. idae and M. catalinae, which, he 
reports, differ in radula structure and proboscis morphol- 
ogy, but which are otherwise alike externally except for 
size, M. catalinae being less than 30 mm in length. How- 
ever, MCLEAN (1978) considers M. catalinae synonymous 
with M. idae. ABBOTT (1974) questioned whether it was 
a dwarf form of M. idae, and Morris et al. (1980) men- 
tion only M. idae. If there are two species virtually indis- 
tinguishable externally except for size as WEST (1979) 
has suggested, it means that small animals (<30 mm) may 


be either juvenile M. idae or M. catalinae, and would be 
indistinguishable without dissection. We were not aware 
of the potential presence of two species until this study 
was completed and specimens had been discarded after 
gut dissection; thus, we were unable to undertake radula 
and proboscis dissections of small specimens to attempt to 
verify WEsT’s (1979) contention. Therefore, those speci- 
mens that we have considered here as juvenile M. idae 
(<28 mm) could be a mixture of the two species if WEST’s 
(1979) contention that there are two species is substanti- 
ated by other malacologists. In either case, this does not 
invalidate our main argument of dietary specialization re- 
gardless of size. We prefer, pending presentation of more 
evidence, to follow MCLEAN (1978) and consider all Cal- 
ifornia mitrids as members of one species, M. idae. 

Mitra idae Melvill is restricted to kelp forests and the 
low intertidal zone (MCLEAN, 1978; Morris et al., 1980). 
Previous studies of this species have dealt with taxonomy 
and radular arrangement (CERNOHORSKY, 1966, 1970; 
Coan, 1966; CATE, 1967), functional morphology (WEST, 
1979), and reproductive patterns and behavior (CATE, 
1968; CHEss & ROSENTHAL, 1971; KELLOGG & LINDBERG, 
1975). Although Morris et al. (1980) report M. idae to 
be a specialized carnivore, no documentation is provided, 
nor is the prey identified. Moreover, CATE (1968) was 
unsuccessful in feeding a variety of potential prey items 
to M. idae in laboratory aquaria. She did not report 
whether sipunculans were offered to the M. idae. WEST 
(1979), however, has observed M. idae to feed upon the 
sipunculan Phascolosoma agassizi and the vermetid gas- 
tropod Petaloconchus montereyensis in the laboratory. His 
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accounts represent the most complete descriptions of feed- 
ing in the species. 

The present study further quantifies the diet of free- 
living Mitra idae and establishes preferences in laboratory 
experiments. This information should help to establish the 
role of predation by M. idae in the kelp forest and the 
more general occurrence of sipunculan feeding within the 
family. Other species and genera remain to be studied to 
establish a general pattern of specialized feeding on si- 
punculan worms. 


METHODS 


The main study area was the kelp forest off Point Ca- 
brillo, Pacific Grove, California (36°37'N; 121°53'W). 
Additional collection of Mitra idae for gut content analyses 
was done off Del Monte Beach, Pacific Grove (36°37'N; 
121°53'W), and Stillwater Cove (36°33'N; 121°56’W) 
(Figure 1). Descriptions of these kelp forests are given in 
Lowry & PEARSE (1973) for Point Cabrillo, in BURNETT 
(1972) and HOFFMAN (1981) for Del Monte Beach, and 
in FOsTER (1982) for Stillwater Cove. 

All sampling and collecting were done with SCUBA. 
Estimates of abundance of M. idae were made at Point 
Cabrillo in April and May, 1981. Water depth varied 
from 5 to 10 m. Random samples were taken along 25-m 
transects within a 0.25-m? quadrat. All M. idae found 
within these quadrats were counted and measured. Ani- 
mals used for gut-content analyses were collected haphaz- 
ardly during day and night, and were boiled shortly after 
collection to stop further digestion. After recording wet 
weight and measuring length from the apex of the shell 
to tip of siphonal canal, each shell was cracked open and 
the digestive tract dissected. Prey were identified and 
counted, and state of digestion noted. 

Laboratory feeding experiments were conducted to doc- 
ument prey preferences employing two species of sipun- 
culans and other potential prey, and to observe feeding 
behavior. One sipunculan species, Phascolosoma agassizit, 
was collected from local rocky intertidal areas and the 
holdfasts of drift kelp. The other sipunculan, 7hemiste 
pyroides (Chamberlain), was collected from subtidal shale. 
Prey wet weights were recorded before and after feeding 
experiments. One set of experiments evaluated the pref- 
erence of M. idae for the two species of sipunculans. In 
each experiment, one M. idae was placed in a dish with 
one P. agassizii and one T. pyroides. The experiment was 
repeated 2-4 times for each M. idae used. The dishes were 
covered with a fine screen to prevent escape and were held 
in laboratory aquaria with running sea water. Observa- 
tions continued until one of the prey was consumed or 
attacked. Sipunculans of similar size were used when pos- 
sible; however, individuals of T. pyroides were generally 
larger than P. agassizit. 

In a second set of experiments, each species of prey was 
presented separately to a specimen of M. idae. In addition 
to the two species of sipunculans, M. idae was also pre- 
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Figure 1 


Location of study areas in central California. 


sented with the echiuroid worm Urechis caupo Fisher and 
MacGinitie, and the holothuroids Eupentacta quinquese- 
mita (Selenka) and Cucumaria pseudocurata Deichmann. 
Urechis caupo is a close taxonomic relative of the sipun- 
culans, and the two holothuroids are similar in size and 
shape to sipunculans. 


RESULTS 


Individuals of Mitra idae were observed subtidally on rock 
walls, in crevices, in sand pockets, on old holdfasts of the 
kelp Macrocystis pyrifera, under the cover of red algae 
(Gigartina spp. and Rhodymenia spp.) and in tube beds of 
the polychaete Diopatra ornata Moore. Although the 
abundance of M. idae was only 0.81/m? (SD = 0.54; n = 
106) at Point Cabrillo, individuals were seen in aggre- 
gations of up to five individuals. KOHN (1970, 1978) ob- 
served 0.05-0.22 Mitra litterata/m? in Hawaii and 0.12 
M. flavocingulata/m? at Easter Island. 

Size-frequency plots revealed two distinct size classes at 
Point Cabrillo, one near 15-20 mm and the other near 
40 mm (Figure 2). CHESS & ROSENTHAL (1971) found 
mean shell lengths for copulating M. idae in southern 
California at 35 mm for males and 51 mm for females. 
Therefore, the smaller size group (<28 mm) probably 
was composed mostly of juveniles or a mixture of juveniles 
and M. catalinae. 

The gut contents of 41 M. idae were examined (Table 
1). Three of these individuals were collected at Stillwater 
Cove, six from Del Monte Beach, and the remaining an- 
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Figure 2 


Length-frequency histograms for Mutra idae collected at Point 
Cabrillo. Note the separation of a large (“adult”) and small 
(“juvenile”) size class. 


imals from Point Cabrillo. Food was found in 22 guts 
(54%). Sixteen guts contained whole sipunculans or frag- 
ments. Five had unidentifiable organic matter, and one 
gut had the remains of what appeared to be a nemertean 
worm. The sipunculan was identified as Phascolosoma 
agassizii in 13 of the 16 guts. Only five M. idae were 
collected at night. These were all collected at Point Ca- 
brillo. Two of these individuals had empty guts, two con- 
tained fragments of P. agassiziz, and one had fragments of 
a nemertean. Most of the 16 juvenile M. idae had empty 
guts; however, one contained part of a P. agassizii, and 
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Table 2 


Choice of prey when Mitra idae was offered both sipun- 
culans, Phascolosoma agassizii and Themiste pyroides. Phas- 
colosoma agassizıı was preferred in every experiment. 


Number 
of trials Prey consumed 
Mitra #1 5 Phascolosoma (5) Themiste (0) 
Mitra #2 6 Phascolosoma (4) Themiste (0) 
Mitra #3 3 Phascolosoma (1) * Themiste (0) 
14 10 0 


* Phascolosoma attacked but later released (see text). 


five others contained unidentifiable organic matter. Among 
the 25 adults, two contained whole specimens of P. agas- 
siz (<Q.1 g), and 10 had parts of this species. The si- 
punculan prey in three adult guts could not be identified 
to species. 

The two-choice feeding experiments indicated that Mi- 
tra idae has a strong preference for one of the two sipun- 
culan species. Phascolosoma agassizii was attacked in 10 of 
14 trials. Themiste pyroides was not attacked (Table 2). 
Feeding experiments containing one species of potential 
prey showed the same pattern. Phascolosoma agassizii was 
consumed in 30 of 45 trials (67%). Themiste pyroides was 
not consumed in any of five exposures to Ml. idae (Table 
3). Fewer trials were made with T. pyroides because of 
the longer duration of each experiment. In one experi- 
ment, a specimen of M. idae was starved for 17 days prior 
to exposure to a T. pyroides. The T. pyroides was attacked 
and held by the proboscis of M. idae for over six hours 
before it was released. However, the M. idae did not con- 
sume the T. pyroides, which suffered no apparent damage 


Table i 


Gut contents of Mitra idae collected at three areas in central California and in 
“adult” and “juvenile” sizes from all areas. 


Number of guts 
examined 
Area 
Stillwater Cove 3 
Del Monte Beach 6 
Point Cabrillo 32 
41 
Size of Mitra idae 
“Juveniles” <28 mm 16 
“Adults” =28 mm 25) 
41 


Number 
. empty 


Sl- o 


— = 
Slo 


Amorphous 
Number with organic 
sipunculans matter Other* 

0 3 0 

5 0 0 
i 2 a 
16 5 1 

1 5 0 
15 o i 
16 3 1 


* Fragment of nemertean worm. 
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Table 3 


Feeding experiments offering Mitra idae either one or the 
other of the sipunculans, Phascolosoma agassizii or The- 
miste pyroides. Only P. agassizii was consumed. 


Number Total Number Pierced Attacked, 


of number eaten and not 
Prey species trials consumed whole eaten eaten 
Phascolosoma 45 30 25 5 
Themiste 5 0 0 0 


from the attack, and it remained alive in a holding tank. 
Mitra idae neither attacked nor consumed the three sipun- 
culan-like prey, Urechis caupo, Eupentacta quinquesemita 
and Cucumaria pseudocurata, in similar feeding experi- 
ments. 

Laboratory feeding observations indicated two methods 
of attack and consumption of the Phascolosoma agassizii. 
Prey either were ingested whole or the integument was 
punctured by the radula and the internal contents re- 
moved through the hole, presumably by a mechanism de- 
scribed by West (1979). Considering all experiments, 
81.5% of the P. agassizii were consumed whole (n = 40). 
Prey weighing less than 0.3 g were always ingested whole, 
but larger individuals (up to 0.8 g) were taken whole as 
well. Only seven individuals were eaten by puncturing the 
integument of the sipunculan. These prey were relatively 
large compared to those eaten whole, and ranged in size 
from 0.3 to 0.76 g (Figure 3). The weight loss of pierced 
prey averaged 64 + 17% (n =7) and all pierced animals 
died. 


DISCUSSION 


Mitra idae seems to be a specialized carnivore. Although 
we have tested only one other sipunculan species, gut con- 
tents and laboratory feeding experiments indicate that the 
sipunculan Phascolosoma agassizii is the dominant or pre- 
ferred prey. Phascolosoma agassizii is the most abundant 
sipunculan at all three study areas on the Monterey Pen- 
insula (HOFFMAN, 1981; personal observations). Despite 
the presence of another sipunculan, 7hemiste pyroides, in 
the field (HOFFMAN, 1981) and in feeding experiments, 
this species was not consumed by the gastropod (Tables 
2, 3). An echiuran worm and two holothurians also were 
not eaten in laboratory feeding experiments. Moreover, 
the guts of M. idae collected in the field did not contain 
any of the abundant polychaete groups that co-occur with 
M. idae (e.g., onuphids, terebellids, sabellids, syllids). 
Specialized feeding on sipunculan worms was first es- 
tablished by Konn (1970, 1978) for the tropical species 
Mitra litterata and M. flavocingulata. Now, evidence sug- 
gests a similar situation for the temperate species M. idae. 
Although three species is a small sample of the 500 or so 
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Figure 3 


The relationship between the size of Phascolosoma agassizii and 
the method of prey consumption. Smaller prey were generally 
eaten whole and only larger individuals were eaten by punctur- 
ing the integument of the prey and inserting the proboscis. 


species from this family, the geographical separation of 
M. idae from M. litterata and M. flavocingulata suggests 
that a general feeding pattern concentrating on sipuncu- 
lans may emerge, at least for this genus. Indeed, WEST 
(1979) has determined that the epi-proboscis of M. idae 
functions to locate, retrieve, and hold soft-bodied prey, in 
particular, sipunculans. Perhaps sipunculan worms will 
be the dominant prey for the entire family. Present knowl- 
edge does not allow a critical evaluation of this hypothesis, 
but the distinct morphological similarities in the alimen- 
tary canal among members of the family Mitridae re- 
ported by PONDER (1972) would argue for this. 
Laboratory feeding observations indicated two modes of 
prey consumption for Mitra idae. A few sipunculans were 
eaten by puncturing the integument, inserting the pro- 
boscis, and removing the body contents, as WEsT (1979) 
has described; but most were consumed whole, especially 
the smaller-sized prey. The proboscis of mitrids may be 
extended the length of the shell (WILSON & GILLETT, 
1972; personal observations). The ability to extend the 
proboscis a long distance is of practical importance in 
feeding upon prey that lodge deep in crevices, holdfasts, 
or other substrata. The two modes of consuming prey also 
may be of significance in that the extraction of a strongly 
wedged sipunculan is not necessary. The frequency of 
puncture feeding is difficult to assess in the field, as empty 
guts can indicate either the absence of prey or faster diges- 
tion of the internal contents of a pierced prey compared 
to the outer integument of an animal consumed whole. 
Gut contents and laboratory experiments suggest that 
the feeding habits of Mitra idae may be more closely re- 
lated to behavioral preferences and not to prey availabil- 
ity. The ability to survive without food for at least 8-12 
months (CATE, 1968; personal observations) supports the 
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idea that prey availability may not be of critical impor- 
tance. Size selective predation also may be feasible. Evi- 
dence from the few whole sipunculans found in gut con- 
tents of M. idae, as well as laboratory observations, seem 
to support this idea. Perhaps future studies will reveal 
important similarities in the foraging tactics of mitrid gas- 
tropods that will allow generalizations to be made about 
the family. Specialized feeding on sipunculan worms by 
tropical and a temperate Mitra suggests that similar evo- 
lutionary processes affected the development of these 
predator-prey interactions. 
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